An enzyme-linked immunosorbent assay (ELISA) test has been developed for measurement of heterophile antibody. The microtiter test utilizes a bovine erythrocyte monolayer as antigen and anti-human IgM antiserum conjugated with horseradish peroxidase to measure the degree of binding of the heterophile antibody in the test serum with the erythrocytes. A single serum dilution yields quantitative results when read in a spectrophotometer. The ELISA test showed a sensitivity comparable with the immune adherence hemagglutination assay (IAHA) and other heterophile tests, good reproducibility, and high specificity.
ten healthy adults of the same age and from 17 young adults with high antibody titers against other viral infections. The serum samples had been stored at -20°C for variable periods of time. Some sera were also tested prior to freezing.
Both sera and plasma were heat-inactivated at 56°C for 30 minutes prior to testing. The results of other heterophile antibody tests and of EBV/IgA antibody measurements on these same infectious mononucleosis sera have recently been reported elsewhere [3, 4] . Heterophile Tests The absorbed heterophile agglutination tests using either sheep or horse red cells were carried out on microtiter plates utilizing stored frozen sera as previously described from this laboratory [3] . The Immune Adherence Hemagglutination Assay (IAHA) was modified from the method of Lennette et al. [5] by using samples frozen at -20°C. Our comparative results with this sensitive test have recently been published [4] .
ELISA for Heterophile Antibody (1) Plates In all tests flat-bottom microtiter plates with 96 wells were used. These were either tissue culture (TC grade) plates purchased from Linbro (New Haven, CT) or from Cooke Engineering (Alexandria, VA) or ELISA "grade" polystyrene plates purchased from Dynatech Co. (South Windham, ME). In most experiments the former were employed. All gave satisfactory results but the TC grade plates were used in most experiments.
(2) Reagents Bovine Rbc's in Alsever's solution were obtained from Flow Laboratories (McLean, VA). No difference in batches of Rbc was seen or in storage at 4°C up to at least five weeks. The red cells were washed three times in phosphate buffered saline (PBS) before use. This PBS buffer, used throughout the entire procedure, contained (per liter) 8 gm NaCl, 0.2 gm KCl, 0.2 gm KH2PO4, 2.9 gm NaH2PO4*7H20. Premixed salts were purchased from Gibco (Grand Island, NY).
Poly-L-Lysine (PLL) hydrobromide type 1-B and horseradish peroxidase (HRP), Type VI 5000 A/20 mg were purchased from Sigma Chemicals (St. Louis, MO). 0-phenylene-diamine (OPD), practical grade (P-1700) was obtained from Eastman Kodak Co. (Rochester, NY). A stock solution of OPD was prepared by dissolving 100 mg OPD in 10 ml absolute methanol and maintained at -20°C in darkness. Working solutions contain 1 ml stock, 0.1 ml 3 percent H202 in 100 ml water solution and may be stored in the dark at 4°C for up to The plate used should have a good monolayer with few pinholes. When ethanol was used in PLL solution, both tissue culture grade and ELISA plates yielded satisfactory results. In most experiments we used TC plates, as they formed better monolayers more consistently than other types of plates tested. Prior absorption of the test sera with guinea pig kidney did not alter the reading, whereas prior absorption with beef Rbc completely abolished it. These are the characteristics of the heterophile antibody of infectious mononucleosis. Dose response curves of either purified horseradish peroxidase or HRP-anti-IgM conjugate added directly to the substrate gave good correlation between the spectrophotometer reading and the amount of conjugate present.
RESULTS

Preliminary Determinations
The results of the ELISA test on twelve fresh serum samples from cases of acute infectious mononucleosis and on ten normal control subjects are shown in Fig. 1 Fig. 2 ). Reproducibility Aliquots of sera retested on the same day gave very closely comparable readings. Those stored at 4°C dropped in titer (as mentioned above). Another technician, working with the directions given, was able to reproduce the results after some initial difficulty in forming a good Rbc monolayer.
Quantitative Correlations
Twenty-two previously frozen sera which represented the peak heterophile titer by standard tests for each patient were tested by the ELISA test. The results are compared in Table 3 and Fig. 3 ity to prozone effect, (e) no absorption of sera with guinea pig kidney is needed, (f) it has a sensitivity approaching or exceeding the IAHA [5] currently the most sensitive test developed [4] , (g) a number of sera can be tested at the same time, and (h) a single dilution gives a good estimation of titer. The main problems are two. The first is that it requires a microtiter reader. Since many laboratories are doing ELISA tests for other reasons, many may have a reader. If not, a color standard could be used and the plate can be read for qualitative semi-quantitative evaluation on white background with overhead illumination. A resolution equivalent to 0.150 to 0.200 can be achieved by this method. Second, the fresh bovine erythrocyte and Poly-L-Lysine solutions are relatively unstable and should be prepared every few weeks. Plates coated with poly-L-Lysine and a monolayer of beef Rbc may be held for several weeks at 40C.
We compared ELISA readings with the results of the IAHA [5] and the absorbed horse hemagglutination test [3, 4] [7] that the PB antibody contains little IgG component. However, others have recently found a contribution of the IgG class [8] .
During the preparation of this manuscript Halbert et al. [8] published a similar study on the use of the ELISA test for heterophile antibody. Their technique differed from ours in (1) use of purified bovine erythrocytes stroma as the antigen, (2) a solid-phase covalent bonding with small plastic discs containing isothiocyanate groups, (3) immunospecific heavy-chain goat anti-human IgM serum conjugated to purified calf intestinal alkaline phosphatase, (4) reading of the test in a vial rather than on a microtiter plate, and (5) reporting the test results as percentage of absorbance of a positive control standardized to give a reading of approximately 1.0 in the assay. They tested 150 normal sera by the ELISA test which were all negative and 79 heterophile-positive sera (horse Rbc test) from patients with infectious mononucleosis, of which 78 were positive by the ELISA test. The 'LISA test was also weakly positive in sera from 14 IM patients that were horse Rbc-negative. The presence of EBV-IgM antibody or ox-hemolysin antibody indicated that ten of these represented true positives.
The results of this paper and that of Halbert et al. [8] suggest that an ELISA test for heterophile antibody can be quantitatively performed using a single serum dilution. The test is both specific and sensitive. As more laboratories adopt ELISA procedures for a variety of antibody and antigen detection methods, the use of one or the other of the heterophile antibody procedures may be found useful and practical.
